Abstract. Strontium hexaferrite powder, produced conventionally from strontium carbonate and iron oxide has been treated in nitrogen and hydrogen atmospheres and then calcined in air. Magnetic measurements after the gas treatment stage indicated a marked decrease of intrinsic coercivity and an increase in saturation magnetisation. During the calcination stage there was a recovery of the magnetic properties. The material now exhibited a remanence and saturation magnetisation close to that of the starting hexaferrite, but a very much higher intrinsic coercivity. The highest coercivity obtained was around 400 kA/rn, which is very high for a hexaferrite powder, particularly one synthesized conventionally, without extensive milling. The high coercivity was attributed to a much f~ner grain size.
INTRODUCTION
A novel method of processing hexaferrites, in order to produce an increased intrinsic coercivity without decreasing the saturation magnetisation has been reported for commercial and hydrothermally synthesized materials [1, 2] . By this method, low coercivity can be produced by heat treating the powders in the presence of hydrogen, nitrogen or carbon. High coercivity can then be achieved by a post-gas treatment calcination in air. The optimised conditions of treatment for conventionally synthesized material in both hydrogen and nitrogen atmospheres are presented elsewhere [3,41. The authors have studied in this work, the effect of processing on the phase composition, morphology and magnetic properties of strontium hexaferrite with a comparison between the effects of the hydrogen and nitrogen treatments.
EXPERIMENTAL PROCEDURE
The initial material was strontium hexaferrite synthesized conventionally from strontium carbonate and iron oxide calcined under optimum conditions. This material was treated in hydrogen or nitrogen and then calcined again in air.
X-ray powder diffraction analysis (CO K a radiation) was used for phase identification. The microstructure and morphology was studied by a high resolution scanning electron microscope. The magnetic measurements were performed on a vibrating sample magnetometer operating up to a maximum field of 1100 kA/m.
RESULTS AND DISCUSSIONS
The magnetic measurements show a great decrease of coercivity and remanence with a marked increase of saturation magnetisation after hydrogen treatment ( Fig.1.a) . After the subsequent calcination, the remanence and saturation magnetisation indicated values close to the initial values but the intrinsic coercivity was much higher. The magnetic measurements for nitrogen treated powders are shown in Fig.1 .b. The behaviour of the material during the nitrogen treatment is similar to that of the hydrogen treatment but the kinetics of the nitrogen treatment are much slower. The increase of intrinsic coercivity for the nitrogen treated and calcined is less than that of the hydrogen treated and calcined material.
The XRD traces indicate a reduction of the hexaferrite phase to various phases during gas treatment. Fig.2 .a shows the XRD pattern of strontium hexaferrite after hydrogen treatment in which the diffraction peaks of the hexaferrite phase are no longer visible, but the peaks of Fe, F e 0 and Sr7Fe10022 are evident. The great decrease of coercivity and the marked increase of saturation magnetisation can therefore be attributed to the magnetically soft nature of iron. In the nitrogen treatment the reduction rate is slower and has only proceeded as far as the formation of Fe304 and S r 7 F e 1 0 0~~ (Fig.2.b) . After the subsequent calcination, a recovery of the hexaferrite phase occurs and XRD traces show only the peaks for this phase. References 5 to 7 were used to identify the diffraction peaks.
An interesting point of this process is that the microstructure after recalcination is different from that before gas treatment. It is believed that during the processing each hexaferrite grain is divided into sub-grains (Fig.3) which are smaller than the critical size for single domain particles thus leading to the increased intrinsic coercivity. 
CONCLUSIONS
The hydrogen and nitrogen treatment of conventionally synthesized strontium hexaferrite causes the reduction of the hexaferrite phase. The rate of reduction in hydrogen is greater than in nitrogen. The powder becomes magnetically soft after gas treatment. When a subsequent calcination is performed the hexafemte phase is recovered but with a finer grain size leading to single domain particles and to an intrinsic coercivity as high as 400 kA/m.
